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[Claim 1] 

A optical thin film which is formed from a silicon nitride 
film or a silicon oxynitride film, wherein the film satisfies 
the following formula: 

X ^ 107X n + 14 

(In the formula , X represents a wavelength of absorption edge 
(unit; run) where the absorption is 1 at nearly 1 /xm of film 
thickness, and n represents an index of refraction.) 

[Page 1 , lower right column , line 13 to page 2 , upper left column , 
line 1] 

< Problem to be solved by the present invention > 
Waveguide properties of conventional thin films have been 

generally 5dB/cm to several*- dB/cm in transmission loss, and 
a good transmission efficiency has not been available. 

In the field of optical devices such as optical communication 
devices and thin film optical heads, a good optical waveguide 
having a transmission loss of 1 dB/cm or less has been desired. 
In view of such a problem, an object of the present invention 
is to provide an optical thin film or an optical waveguide having 
a small transmission loss. 

[page 2, upper left column, lines 2 to 12] 

< Means for solving the problem > 

In reference to a silicon nitride film or a silicon oxynitride 
film, a optical film satisfying the following formula is used 
as an optical waveguide: X ^ 107 X n + 14 (In the formula, the 
index of refraction is defined as n, and the wavelength of 



absorption edge (unit; nm) is defined as X . ) 

As a method of producing the optical thin film, adopted is 
Plasma CVD method wherein SiH 4 , NH 3 , N 2 0 and N 2 are used as a 
reaction gas , and a ratio of flow rate by volume of NH 3 to that 
of SiH 4 (NH 3 /SiH 4 ) is set to 2.5 or more. 

[page 2, upper left column , lines 13 to 16] 
< The present invention' s actions > 

Satisfying the above-mentioned formula and the film 
production conditions can achieve stably an optical thin film 
or an optical waveguide having a remarkably reduced transmission 
loss . 

[page 2, upper left column, line 19 to lower left column, line 
2] 

Examples of the present invention are explained below. 

An optical thin film of silicon nitride film (i.e. , SiN film) 
was formed on a substrate as an optical waveguide by a Plasma 
CVD method where SiH 4 , NH 3 and N 2 were used as a reaction gas 
under the conditions of a substrate temperature of 300 , a 
pressure of 0.5 torr and a RF frequency of 400 Hz. The film 
thickness was about 1 /xm. 

Variety of silicon nitride films were produced at the flow 
rate of N 2 of 1000 SCCM while changing the flow rates of SiH 4 
and NH 3 , and the results as to a relationship between the ratio 
of the flow rates (hereinafter, the ratio of the flow rates 
of NH 3 /SiH 4 is just referred to as the ratio of the flow rates) , 
the wavelengths of absorption edge and the transmission losses 
were summarized in Table 1. In this specification, the 
transmission losses were determined by guiding He-Ne laser 
(wavelength; 632.8 nm) into the optical waveguides through a 
Prism-Kapler method and evaluating the degrees of damping of 
scattered light intensities . 

Table 1 revealed the presence of a distinct correlation between 
the ratios of the flow rates, the wavelengths of absorption 
edge and the transmission losses wherein the greater the ratios 
of the flow rates were , the shorter the wavelengths of absorption 
edge were , and further the greater the ratios of the flow rates 
were , the smaller the transmission losses were . In particular , 
the waveguides , which had the ratios of the flow rates of 2 . 5 
or more and the wavelengths of absorption edge of 216 nm or 
less, had concurrently the transmission losses of 1 dB/cm or 
less. The results demonstrated a development of remarkably 
excellent optical properties. Incidentally in this case, the 
index of refraction n of the thin film was 1.89. 
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[page 2, lower left column, bottom line to lower right column, 
bottom line] 

Sub sequent ly, an optical thin film of silicon oxynitride film 
(i.e., SiON film) is explained below. 

An optical thin film of silicon oxynitride film (i.e. , SiON 
film) having the value of index of refraction of 1.6-1.8 was 
formed as an optical waveguide by using N 2 0 in addition to the 
above-mentioned reaction gas of SiH 4 , NH 3 and N2 - The film 
thickness was 1 /zm. 

Variety of silicon oxynitride films were produced at the flow 
rate of N 2 of 1000 SCCM and the flow rate of N 2 0 of 75 SCCM while 
changing the flow rates of components contained in the reaction 
gas, under the conditions of a substrate temperature of 300 *C , 
a pressure of 0 . 5 torr and a RF frequency of 400 Hz . The results 
as to a relationship between the flow rates (NH 3 /SiH 4 ) , the 
wavelengths of absorption edge and the transmission losses were 
summarized in Table 2 . 

Table 2 also revealed that, in connection with the optical 
thin films of silicon oxynitride films , the greater the ratios 
of the flow rates were , the shorter the wavelengths of absorption 
edge were, and further the greater the ratios of the flow rates 
were, the smaller the transmission losses were. That was as 
in the case of the above-mentioned optical thin films of silicon 
nitride films. In particular, the waveguide, which had the 
ratio of the flow rates of 2 . 5 and the wavelength of absorption 
edge of 197 nm, had concurrently the transmission loss of less 
than 1 dB/cm. The results also demonstrated a development of 
excellent optical properties . Incidentally , the value of index 
of refraction of the optical waveguide at the transmission loss 
of 1 dB/cm was 1.75. 
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[page 3, upper left column, line 15 to lower left column, line 
2] 

The values of index of refraction of thin films mainly depended 
on the flow rates of N 2 0, and the greater the flow rates were, 
the smaller the values of index of refraction of the thin films 
were . 

Optical waveguides having different values of index of 
refraction were produced while changing the flow rate of N 2 0. 
In Figure 1, in connection with the optical waveguides, the 
relationship between the values of index of refraction, the 
wavelengths of absorption edge and the transmission losses was 
determined while assigning the ratios of the flow rates 
(NH 3 /SiH 4 ) to the parameter. Figure 1 included the case of the 
N 2 0 flow rate of zero, i.e. , the case of formation of silicon 
nitride film. 

In Figure 1 , the longitudinal axis represented the scale of 
index of refraction and the vertical axis represented the scale 
of wavelength of absorption edge. When the wavelengths of 
absorption edge were observed at a specific value of index of 
refraction, Figure 1 revealed that the shorter the wavelengths 
of absorption edge were, the smaller the transmission losses 
were, and on the contrary the longer the wavelengths of 
absorption edge were, the larger the transmission losses were. 
Such a tendency applied to all range of index of refraction 
of 1.6 to 1.9. 

In Figure 1 , black circles represented a relationship between 
the values of index of refraction and the wavelengths of 
absorption edge which could achieve the transmission loss of 
1.0 dB/cm. The results of black circles revealed that the 
smaller the values of index of refraction were , the shorter 
the wavelengths of absorption edge were. 

As shown by abroken line in Figure 1 , the relationship between 
the wavelengths of absorption edge ( X ) and the values of index 
of refraction (n) which could achieve the transmission loss 
of 1.0 dB/cm satisfied the following formula: 

X ^ 107Xn + 14 (1) . 

This formula could be appropriately satisfied by a 
relationship between values of index of refraction and 
wavelengths of absorption edge in connection with the 
above-mentioned optical thin films of silicon nitride film and 
silicon oxynitride film having the transmission loss of 1.0 
dB/cm or less. 
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